We investigate the holographic entanglement entropy in the Rindler-AdS space-time to obtain an exact solution for the corresponding minimal surface. Moreover, the holographic entanglement entropy of the charged single accelerated AdS Black holes in four dimensions is investigated. We obtain the volume of the codimension one-time slice in the bulk geometry enclosed by the minimal surface for both the Rindler-AdS space-time and the charged accelerated AdS Black holes in the bulk. It is shown that the holographic entanglement entropy and the volume enclosed by the minimal hyper-surface in both the Rindler space-time and the charged single accelerated AdS Black holes (C-metric) in the bulk decrease with increasing acceleration parameter.
I. INTRODUCTION
The Anti-de-Sitter/Conformal field theory (AdS/CFT) correspondence is important for describing the gauge duality in which a strong CFT living in the boundary is dual to a weakly coupled gravity theory in AdS space-time in one higher dimension [1] [2] [3] . Ryu and Takayanagi [4, 5] were the first to establish a relationship between entanglement entropy on the d dimensional field theory side and the area of d − 1 dimensional minimal surfaces in the bulk anchored at the boundary of AdS space. There are usually UV divergences in the holographic entanglement entropy (HEE) whose removal requires a method of regularization. Therefore, the holographic entanglement entropy for a deformed geometry can be subtracted from the term due to the background AdS space-time. In Ref. [6] , the covariant version of the Ryu-Takayanagi formula for the time-dependent background was presented with the bulk metric being neither static nor even stationary. Recently, the thermodynamics of accelerating AdS black holes as described by the so-called C-metric, and their generalizations have attracted a lot of attention [8] [9] [10] [11] [12] [13] [14] . Ref. [14] introduced a C-metric with mass and electric charge. For accelerating black holes, a negative cosmological constant can remove the accelerating horizon as the second horizon to yield what has come to be called the "slowly accelerating black holes" [15, 16] . A clear visual representation of the global structure of the space-times for accelerated black holes in the AdS space-time is investigated in [17] . Also, it has been shown that a certain solution exists which represents a pair of accelerated black holes if the inverse of the cosmological length becomes smaller than the acceleration parameter A [10] . The thermodynamical properties of such an accelerating charged AdS black hole, i.e., the P −V criticality and phase transition, are investigated in Ref. [18] . The thermodynamics of accelerating black holes is also studied in [8] . Finally, the first law of thermodynamics for accelerating black holes has been recently obtained [9] .
In this paper, we obtain an exact solution for the minimal surface in the Rindler-AdS space-time. We compute the holographic entanglement entropy associated with the minimal surface for the Rindler or the accelerated observer. It is worth figuring out how the holographic entanglement entropy behaves as a function of the acceleration parameter. Also, it will be interesting to determine numerically the holographic entanglement entropy of four-dimensional charged single accelerated AdS Black holes. We also calculate the volume enclosed by the minimal surface. We observe that the holographic entanglement entropy and the volume enclosed by the minimal hyper-surface decrease as a result of increasing acceleration parameters in both the Rindler-AdS space-time and the charged single accelerated AdS Black holes in the bulk. Finally, it must be noted that entanglement entropy plays a central role in quantum information theory [19] [20] [21] [22] .
The rest of the paper is organized as follows. In Section II, an exact solution is obtained for the equation of motion related to the holographic entanglement entropy for the Rindler-AdS space-time. Also, the volume enclosed by the minimal hypersurface of the Rindler-AdS space-time is evaluated as a function of the acceleration parameter. In Section III, we review the thermodynamics of charged single accelerating AdS black holes. Moreover, we obtain both the holographic entanglement entropy and the volume enclosed by the minimal hyper-surface, or the Ryu-Takayanagi-volume (RT-volume), for charged single accelerating AdS Black holes in the bulk.
II. EXACT SOLUTION RELATED TO HEE IN THE RINDLER-ADS SPACE-TIME
To calculate the holographic entanglement entropy (HEE), we assume a time slice located at the AdS space-time and derive the minimal surface called γ A . In this condition, the entanglement entropy is given by
where, G is the Newton's constant [4] . In order to evaluate the minimal surface area in the bulk, we solve the Euler-Lagrange equation due to the surface area. The holographic entanglement entropy for the Rindler-AdS(RAdS) space-time is computed using the metric represented in Eq. (2).
where,
Although this space-time is a locally pure AdS and there is no conical singularity, its boundary is located at r = −1/(A cos θ ) rather than at infinity. In what follows, we compute the HEE by using a new exact solution for the minimal surface in the Rindler-AdS space-time.
In order to evaluate the minimal surface area in the bulk, we define an induced metric of the Rindler-AdS space-time on the surface as follows:
where, r is a function of θ . Therefore, the area from the above induced metric is
We also have the following two boundary conditions in the Rindler-AdS space: r (θ ) = 0 and r(θ ) = r 0 at θ = 0 and r(θ 0 ) = −1/(A cos θ 0 ). We regularize the area by integrating out not to θ = θ 0 but to θ = θ 0 − ε, where ε is a UV cut-off. Consider the parameter θ as time in the following Lagrangian form
in which the prime indicates the derivative with respect to θ . The Euler-Lagrange equation is given by: this may be rewritten in the following form:
which represents the exact solution of the Equation of motion (EOM) in the pure AdS space-time. It is worthwhile obtaining an exact solution of the Euler-Lagrange equation for the Rindler AdS space yielding the entanglement entropy associated with the minimal surface on the boundary in the pure Rindler AdS space-time. As explained in detail in Appendix A, we obtain an exact solution for the above equation of motion by using the coordinate transformations as follows:
If we expand r(θ ) about the acceleration parameter, A, we have
The first term is exactly equal to the well-known result for the pure AdS space-time presented in [39] . The higher order terms indicate the effects of the acceleration parameter on the exact solution of r(θ ) order by order. This new exact solution can be used to obtain non-perturbatively the behavior of entanglement entropy as a function of acceleration parameter. By substituting r(θ ) from Eq. (12) into Eq. (6), we may obtain the minimal surface area and, then, the holographic entanglement entropy from Eq. (1). The holographic entanglement entropy is plotted with respect to the acceleration parameter A in Fig. 1 . Throughout this paper, we take = 1, θ 0 = 0.16, and ε = 0.005. In Fig. 1 , the holographic entanglement entropy in the RindlerAdS space, S RAdS , decreases with increasing acceleration parameter, A, in the range of A < 1/ . Thus, a loss of information and the corresponding degradation of entanglement entropy occur with increasing acceleration parameter, A. This means that the holographic entanglement entropy follows the universal behavior of entanglement entropy obtained in single mode studies related to accelerating observers in the relativistic quantum information perspective [19] [20] [21] [22] .
We consider a volume as the codimension one-time slice in the bulk geometry enclosed by the minimal area in the Rindler-AdS 
by substituting r(θ ) from the Euler-Lagrange equation in Eq. (12), we might obtain the RT volume enclosed by the minimal surface area. We assume the size of the boundary region to be θ 0 = 0.16 and ε = 0.005 and compute the above integral numerically. The results show that the volume enclosed by the minimal hyper-surface decreases as the acceleration parameter increases in the Rindler space-time. It is interesting to find an equivalent quantity for RT volume in the relativistic Quantum Information Theory.
III. HOLOGRAPHIC ENTANGLEMENT ENTROPY OF CHARGED ACCELERATING BLACK HOLES
In this Section, we review the metric of slowly accelerating Black Holes in the anti-de Sitter space. Ref. [36] studied the black hole with a cosmic string in which a conical deficit is considered in a Schwarzschild black hole. The thermodynamics of this type of black hole under varying tensions was studied in [9] . A more general geometry that corresponds to accelerated black holes is described by C-metric. The usual form of C-metric as reported in [14, 37] represents either one or two accelerating black holes. The accelerating and rotating black hole space-time was studied in [16] while Ref. [38] computed the motion of timelike particles along geodesics.
In the present work, we ignore the acceleration horizons of C-metrics and consider only the black hole horizon to have a welldefined temperature. This simplification is known as the "slowly accelerating C-metric" [16] . One can show that, for A < 1/ , a single black hole appears in the AdS with the only horizon being that of the black hole. For A > 1/ , we have two black holes separated by the acceleration horizon [10, 16, 17] . Typically, a C-metric with a cosmological constant and charge in the Hong-Teo coordinates is represented by the following metric [11, 13] :
where, the two parameters m and e represent the black hole's mass and charge, respectively. A is the magnitude of acceleration of the black hole and l is the cosmological length. Also, Ω as the conformal factor modifies the location of the AdS boundary from infinity r = ∞ to finite values r =
−1
A cos θ . This space-time has conical singularities (θ = 0, π) and the regularity condition of the metric at the poles, θ + = 0 and θ − = π require that:
In general, K is rendered to regularize one pole, which leads to a conical deficit or a conical excess along the other pole. Since a negative energy object is the source of a conical excess, it is assumed throughout this paper that the black hole is regular on the North Pole where θ = 0 and K = K + . Thus, a conical deficit exists on the other pole where θ = π. The first law of thermodynamics for accelerating black holes with a varying conical deficit and a critical behavior is studied in [8] .
The entropy of the black hole and the relevant temperature are given by
The holographic entanglement entropy for charged accelerated black holes can be evaluated using Eq. (1) and the metric presented in Eq. (15) . The area associated with the minimal hyper-surface in the presence of a charged accelerating AdS Black hole in the bulk is captured by:
where, the parameters e and m are the black hole's electric charge and mass, respectively. To compute the holographic entanglement entropy, we need to minimize this surface area. Therefore, a Lagrangian associated with this surface area to obtain the EOM takes the following form:
The equation of motion is then given by
We may numerically solve the above equation of motion to obtain r(θ ). Here, the boundary conditions are r (θ ) = 0 and r = r 0 at θ = 0 and r = −1/(A cos θ 0 ) at θ = θ 0 . Substituting r(θ ) from Eq. (28) in Eq. (22), we can depict the holographic entanglement entropy with respect to the acceleration parameter A as shown in Fig. 3 , where e = 0.01, m = 0.1 and = 1. Also, the Ryu-Takayanagi volume for charged accelerating AdS Black holes in the bulk is expressed by:
Replacing r(θ ) from the Euler-Lagrange Eq. (28) in Eq. (29), we might plot the volume of the minimal hyper-surface with respect to A as in Fig. 4 . Clearly, the values of both HEE and the RT-volume of the minimal hyper-surface decrease as a function of the acceleration parameter when the charged accelerating AdS black hole is located in the bulk. This behavior is similar to those reported in studies of the entanglement entropy within the framework of the relativistic quantum information theory.
IV. CONCLUSION
The usual form of a C-metric represents either one or two accelerating black holes. In this study, we considered a C-metric with cosmological constant in the Hong-Teo coordinates to obtain an exact solution for the minimal surface area. The holographic entanglement entropies of the Rindler-AdS space-time and charged single accelerated AdS Black holes were evaluated in four dimensions. Moreover, the volume enclosed by the minimal area, or the RT-volume, was computed for both the Rindler-AdS space-time and the charged single accelerated AdS Black holes. For this purpose, we considered an acceleration parameter less than the inverse of the cosmological length , where a single black hole appears in AdS with the only horizon being that of the black hole. Our exact solution of the Euler-Lagrange equation in the Rindler-AdS space-time is a novel result.
Due to the appearance of a communication horizon, there is no possibility for a uniformly accelerated observer to access information about the whole of the space-time; hence, a loss of information occurs leading to entanglement degradation. Efforts were then made to figure out how the holographic entanglement entropy behaves as function of the acceleration parameter. The holographic entanglement entropy and the the volume enclosed by the minimal hyper-surface were observed to decrease with increasing acceleration parameters in the Rindler-AdS space-time, indicating that the holographic entanglement entropy follows the universal behaviour of entanglement entropy for accelerating observers.
In addition, we extended our calculation to the charged single accelerating AdS Black holes in the bulk. The holographic entanglement entropy and volume (as the codimension one-time slice in the bulk geometry enclosed by the minimal surface area) were computed numerically for charged accelerating AdS Black holes in the bulk to conclude that the holographic entanglement entropy and the volume enclosed by the minimal hyper-surface decrease as a function of acceleration parameters. For future research, it will be interesting to expand the calculation for A > 1/ with two black holes separated by the acceleration horizon.
V. APPENDIX A
The general form of the metric that splits the S d−1 into a polar angle Θ and a unit-radius sphere S d−2 with dΩ 2 d−2 in AdS d+1 is given by
In order to evaluate the entanglement entropy, a minimal hyper-surface ending on the boundary slice should be considered. In this condition, we choose the following induced metric in which χ = χ(Θ) on the hyper-surface:
The entangling region on the boundary is a cap-like one, 0 < Θ < Θ 0 . The surface area for the above induced metric is, therefore, expressed by
In order to minimize this surface area, which is stable for small deformations, one needs to solve the resulting Euler-Lagrange equation. The boundary conditions are given by:
The solution of this equation of motion is not simple but it has been shown in Ref. [40] that the following function is satisfied in the Euler-Lagrange equation
).
If a coordinate transformation is inserted into Eq. (30):
l tan χ sin Θ = R sin ξ √ 1 − 2 A 2 + A R cos ξ ,
we get the metric in the Rindler-AdS space-time as follows:
Alternatively, inserting the following coordinate transformation in Eqs. (36):
(1 − A 2 2 )Ω 2 and R sin ξ = r sin θ
